Background: Dentists strive to provide safe and effective oral healthcare. However, some patients may encounter an adverse event (AE) defined as "unnecessary harm due to dental treatment." In this research, we propose and evaluate two systems for categorizing the type and severity of AEs encountered at the dental office.
D
entists, as doctors of oral health, oversee clinical teams to ensure the delivery of "safe and effective oral care."
1 Emerging scientific literature, [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] however, suggest that dental patients experience a significant number of adverse events (AEs) or unnecessary harm while receiving dental care, such as tooth crown ingestion or aspiration, wrong tooth extraction, or unexpected severe and prolonged pain after molar extractions. Providing safe oral care implies reducing the risk of inflicting unnecessary harm to the dental patient to an acceptable minimum. 7 Harm refers to any "impairment of structure or function of the body and/or any deleterious effect arising there from." 12 The patient safety paradigm 13 starts with the proper identification and assessment of AEs in a professional culture open to learning from mistakes. 14 The Agency for Healthcare Research and Quality developed a detailed patient safety initiative with a goal to "have a positive impact on patient safety by providing knowledge and tools to understand medical errors and to create solutions that mitigate or eliminate harm to patients suffered as a result of health care." 13 To the best of our knowledge, specific dental-related patient safety metrics are yet to be developed. To fill this gap, the authors obtained grant funding (NIDCR 1R01DE022628-01A1) to develop a patient safety initiative for dentistry.
In addition, other healthcare industries such as the pharmaceutical and medical device research industries have mandatory reporting requirements for clinical research. When AEs occur, they systematically document the seriousness of the AE (level of harm), its impact on enrolled participants, and its association with a study related device, drug, or procedure. This enables the identification of the various contributing factors and allows for the creation and dissemination of recommendations for systems changes. 15 By contrast, clinical dentistry does not have any such mandatory reporting requirements for AEs, and if we did, there would be no standardized format for reporting these events. A dental AE classification system would help better organize and communicate about the types of harm in the dental office. It would provide insights into their prevention, elimination, and/or mitigation of their effects. The impact of AEs is also not equal, and some cause greater harm than others; therefore, a standardized severity rating is needed to understand the extent of damage caused by AEs. In the absence of any precursory dental-specific metrics and tools, we turned to systems developed by the medical profession for classifying, assessing severity and reporting AEs.
The National Cancer Institute's (NCI) Common Terminology Criteria for Adverse Events v4.0 (CTCAE) is a comprehensive categorization system of AEs in cancer treatment that includes a severity grading scale for AEs. 16 It uses terms taken from the clinically validated Medical Dictionary of Regulatory Activities (MedDRA) and is organized across 24 primary system organ classes. 16 Another notable classification system was used in the Harvard Medical Practice Study (HMPS), which categorized hospital AEs according to the type of injury and incorporated a six-point disability scale on which "serious" disability was defined as disability persisting for more than 6 months. 17 Adverse events were classified in operative and nonoperative, each containing five and ten subcategories, respectively. 18 The World Health Organization (WHO) International Classification for Patient Safety (ICPS) is a conceptual framework that consists of ten high-level classes, each further hierarchically subdivided into categories and subcategories. 12 Forty-eight concepts have been identified with agreed upon definitions and preferred terms. 12 The degree of harm is defined along five levels from none to death. 12, 19 The ICPS is not considered a classification but rather a framework with a set of concepts that are linked by semantic relationships. 12, 19 Similarly, the Medicare hospital-acquired conditions classification 20 contains ten categories that are mainly surgical and postsurgical management related; however, it does not have a severity rating scheme. The United States National Quality Forum captures the level of harm in serious reportable events. 21 As part of the Outpatient Adverse Event Trigger Tool developed by the Institute for Healthcare Improvement (IHI), 22 a severity classification methodology was proposed using the National Coordinating Council for Medication Error Reporting and Prevention (NCC MERP) Index for Categorizing Errors. 23 In sum, medical classification and severity rating systems demonstrate the viability of monitoring patient safety, important steps in moving toward a patient safety initiative. 4 As expected, our evaluation of these systems quickly revealed that dental AEs do not neatly fit into the categories developed in the medical realm. Similarly, the level of severity of dental AEs did not easily fit within the existing medical severity scales. The focus of this article is to report on the methodology for developing and refining a usable dental AE classification and severity rating system, and the results of a pilot study to evaluate its usefulness in classifying AEs found through chart reviews.
METHODS
The research was reviewed and approved by the human subject committees of all participating academic institutions.
Development and Refinement of the Dental AE Type Classification
The following five medical classifications were analyzed for their overlap in categories: (1) NCI's CTCAE 16 24 system organ classes; (2) HMPS 24 20 ten categories. After detailed review of the five classification schemes, we concluded that they lacked pertinence to dental medicine, and hence, we handpicked by consensus some of the criteria with input from our advisory committee.
The initial dental AE type classification (comprising 23 categories) was developed by analyzing dental AEs reported to the FDA MAUDE database 2 and documented in the scientific literature. 25 This work produced a dental AE list that was expanded after collecting a list of commonly encountered AEs from dental providers. 26 The initial dental AE type classification and the aggregated findings from our comprehensive analysis of medical AE classification systems were reviewed by the research group's advisory committee, comprising experts in medical AEs (see Acknowledgments). The findings from each preceding stage of this process led to the creation of a working system for classifying dental AEs. This classification was then pilot tested by independent reviewers across the four sites using a focused chart review process. This led to the further refinement of the AE classification and severity systems. For example, during the calibration process for the chart reviews, we discovered that sinus perforation (a frequently reported AE in our previous study 26 ) could be classified as either a soft tissue injury, or a hard tissue injury. As a result, we created an additional classification for AEs that did not fit into a single existing category, other orofacial harm. We also dropped the use of the word "complication" and replaced it with "harm." The last 3 of the 12 AE classification categories in Table 1 are now "other orofacial harm," "other systemic harm," and "other harm." Finally, all prospective AE cases were verified collectively using a consensus process during conferences calls and a full-day in-person working meeting.
Development and Refinement of the Dental AE Severity Classification
To our knowledge, there is no standardized measure for assessing the severity of dental AEs. To develop a severity scale for the AE classifications, we systematically reviewed the severity ratings of AEs used in the IHI outpatient trigger tool, NCI CTCAE, WHO ICPS, and National Quality Forum.
The IHI's outpatient trigger tool 22 has five categories of harm (from least to most severe): temporary harm to the patient and required intervention, temporary harm to the patient and required initial or prolonged hospitalization, permanent patient harm, intervention required to sustain life, and patient death. The CTCAE 16 assesses the severity of an AE through five gradients of harm (from least to most severe): (1) mild, asymptomatic or mild symptoms, clinical or diagnostic observations only, and intervention not indicated; (2) moderate; minimal, local, or noninvasive intervention indicated, limiting age-appropriate instrumental activities of daily living; (3) severe or medically significant but not immediately life-threatening, hospitalization or prolongation of hospitalization indicated, disabling, and limiting self-care activities of daily livings; (4) life-threatening consequences and urgent intervention indicated; and (5) death related to AE. The WHO ICPS used a five-point gradient for assessing the degree of harm: none, mild, moderate, severe, and death.
Using the findings from our review of the medical AE severity ratings and feedback from our advisory committee, we created an initial AE severity rating scale, which was used to assess the severity of AEs in our previous work 25 and modified in subsequent work. 3 On the basis of our observations in these studies and through an iterative process, we further refined the severity scale and created a severity tree to simplify its use in the chart review process (Fig. 1 ).
Pilot Test (Chart Review Process)
Eight independent research team members representing four United States academic dental institutions (two per site) performed focused chart reviews 22 using newly constructed or previously developed triggers 3 of active electronic health records. Please see Table 2 for examples of dental triggers and the AEs they are intended to detect (Table 3) . A "trigger" is an opportunity or clue used to identify AEs in a patient's dental record but do not represent AEs themselves. The eight reviewers were tasked with determining whether the case fit the definition of an AE. The outcome of interest was the presence of an AE, which was coded as either Yes or No. If an AE was present, we next categorized the AE type and severity. A standardized log sheet was developed to extract the AEs from the charts. The reviewers were trained and calibrated using a uniform AE definition, classification (AE type), and level of harm (AE Severity). Interrater reliability was calculated using the prevalence and bias-adjusted κ to address the κ paradox. The average percent agreement for AE determination was 82.2%. Furthermore, the average, pairwise prevalence, and bias-adjusted κ (PABAK) was 57.5% (κ = 0.575) for determining AE presence. The average percent agreement for categorization of the AE type 78.5%, whereas the PABAK was 48.8%. Lastly, the average percent agreement for categorization of AE severity was 82.2% and the corresponding PABAK was 71.7%. According to the standards for interrater reliability, a κ ranging from 0.40 to 0.60 constitutes moderate agreement. 27, 28 All statistical calculations were performed in R v3.1.1 using the "irr" and "epiR" packages.
RESULTS

Dental AE Type Classification
A comparison of the five medical AE classifications showed an overlap of concepts in the surgical/medical procedure, general disorders, and infection categories (Appendix 2). However, none of these schemes work well for outpatient dental medicine. For example, categories to indicate damage to hard oral tissues, e.g., teeth, were difficult to categorize using any of these existing schemes.
Suggestions that came from the medical AE experts on the Advisory committee were critical. Based on their early experiences developing medical classification systems, they suggested testing the clinical validity of any given AE with the "give-me-abreak" test. That is, to label an event an AE, it must stand up to the rigor of peer review by professional colleagues. For example, would the failure of a provisional crown constitute an AE? Initially, we thought yes, but although it would be undesirable to have a provisional crown fail, a singular failure did not pass this test. On the other hand, if the provisional crown failed time and again was aspirated or led to an abutment tooth fracture, it would be considered an AE. A similar example in medicine would be vomiting after chemotherapy, which the advisory committee FIGURE 1. Dental AE severity tree. Description of dental AE severity categories: category E1: temporary (reversible or transient) minimal/mild harm to the patient. Category E2: temporary (reversible or transient) moderate to severe harm to the patient. Category F: harm to the patient that required transfer to emergency room and/or prolonged hospitalization. Category G1: permanent minimal/mild patient harm. Category G2: permanent moderate to severe patient harm. Category H: intervention required to sustain life. Category I: patient death. Severity tree showing the chart review process for assigning severity categories to an AE. The reviewer begins on the left side and follows the branches of the tree to the right by answering each question. explained was not considered an AE in itself, unless ongoing violent vomiting resulted in an inability to absorb nutrients and requiring parental nutrition/rehydration. Putting together our findings from the analysis of these five medical AE classifications, the dental AEs found through the FDA MAUDE database, 2 our literature review, 25 our empirical interviews with providers, 26 our consultation with the advisory committee on this project, and our focused chart reviews, we made revisions to the initial dental AE classification system 26 and arrived at 12 final categories for the Dental AE Type Classification System. Please see Table 1 .
Dental AE Severity Classification
In reviewing the four medical severity ratings, we found that although they effectively reflected increasing degrees of severity based on the temporal impact of harm and what was needed to mitigate the effects of the AE, it was not fully applicable to outpatient dentistry. Adverse events in dentistry seem to be less catastrophic, and as such, we felt it necessary to be able to differentiate not only between temporary and permanent harm but indicate if the harm was mild or severe.
Specifically, we noted that the CTCAE severity grades, ICPS, and the IHI scales had some similarities (death, intervention required). They also had relevance for oral health. Specifically, the IHI scale had utility for dentistry. It assessed harm on the basis of the short-and long-term impact of the AE upon the patient. The more severe the immediate impact or more extensive the long-term mitigation required, the higher the severity rating. We used this approach in developing our own severity scale for dental AEs.
Items from the IHI trigger tool, ICPS, and the CTCAE were integrated into more granular elements specific to oral health. With the support of the advisory board, we developed an initial AE severity scale for oral health comprising 15 items. This scale was pilot tested in our previous work analyzing the scientific literature. 25 Based on feedback from the reviewers and through an iterative process, it was further condensed, simplified, and adapted into a severity tree (Fig. 1) . The first four items on the scale (A-D) were dropped, the "magnitude of the intervention" was also dropped from each step, and the "moderate" and "severe" categories were combined. The final step was the application of the severity scale to AEs identified through electronic health record chart reviews by independent reviewers across several sites.
Overall Evaluation of the Dental AE Type and Severity Classifications
The following shows an example of a case that a reviewer would be asked to classify:
"While a gold onlay for #30 was being tried in prior to cementation, the onlay inadvertently became dislodged and lost in the oropharyngeal space. KUB revealed a radiopaque foreign object in the area of the duodenum, measuring approximately 1 cm. Patient informed that her airways were clear and that she will pass the foreign body."
Reviewers would classify the above as AE type: "aspiration/ ingestion of foreign body" with severity of temporary (reversible or transient) moderate to severe harm to the patient (E2). Reviewers continue to wrestle with adjudicating severity. In this case the fact that the patient underwent a KUB was considered an invasive sequela and moved the severity to moderate. This case leans towards the moderate spectrum, however, as moderate and severe are combined into the E2 severity scale, it was classified as E2. A more severe example would be if the crown had been aspirated.
There were 3283 (not including random charts) triggered charts. In total, there were 3283 charts triggered for all triggers across 4 participating dental institutions. For each trigger a sample size of up to 50 charts were reviewed per site, which led to a sample size of 958 charts. Among the reviewed charts, 118 prospective AEs were found and 101 (85.6%) were verified as AEs during the consensus process. Pain and infection were the most common AE types representing 75% of the cases reviewed (55% and 17%, respectively). In the remaining reviews, hard tissue damage was assessed in 12%, soft tissue damage/inflammation in 6%, nerve injury in 5%, and other orofacial harm in 2% of cases. Examples of AEs found during the chart reviews include the following: dry socket, failure of implant to osseo-integrate 2 months after placement with loss of bone, and requiring removal; pulp exposure during caries removal due to sudden movement of pediatric child; pain; and excessive swelling. Results of the classification after consensus was reached are documented in Table 1 . Overwhelmingly, the most recorded AE severity was "temporary, moderate to severe harm to the patient" (E2) representing 88% of the cases (Table 4) .
DISCUSSION
The medical profession has made considerable strides understanding patient safety. It is now time for dentistry to embrace patient safety and move toward a better safety initiative. 4, 29 To create, monitor, and maintain what the Agency for Healthcare Research and Quality describes as a patient safety initiative, 13 the identification and assessment of AEs are important first steps. The AE classifications and severity ratings provide unique opportunities to the dental profession to explore how to provide safe and effective high-quality oral care to patients. The nature of AEs that have been reported in the medical literature is different from those that occur in dentistry. Significant AEs in the dental office are rare and seldom life-threatening. In addition, with 32 teeth as a starting point and our ability to function well with significantly fewer teeth as well as our ability to replace lost teeth, the attitude toward accidently injuring a tooth has been quite different from doing so with any other body part. Our results suggest the feasibility of the use of a classification system in helping to organize the different types of AEs that patients may encounter through dental treatment. It is important to realize the difference between harm and contributing factors that may lead to harm, e.g., aspiration of a gold onlay is the actual harm, whereas not using a rubber dam or unexpected movement of the patient would be contributing factors.
There were challenges in classifying some of the AE cases we encountered in our chart review. In our study, the reviewers were asked to pick the single best category to describe the AE. However, we discovered that some AEs could be classified into multiple categories, e.g., a patient presenting with swelling and significant pain 2 days after periodontal flap surgery could be classified under "pain" as well as "infection." Although restricting the classification to only one category is useful for reporting purposes, this approach may not fully capture the nature of the harm, which is a limitation of our approach. In some cases, our chart reviewers reported that there was insufficient information to classify an AE, e.g., radiographs could be helpful to determine if a periapical abscess is new or predated restorative treatment. This speaks to the importance of having adequate clinical documentation that can be used to assess the quality and safety of dental care. 30 The inclusion of pain as an AE may be considered problematic as some will suggest that it is difficult to objectively confirm the harm. Indeed, one may argue that dental pain is often a consequence of dental treatment. We discussed this at great length with the advisory board and developed guidelines for when expected postprocedure pain would rise to the level of an AE. We understood that pain will vary greatly depending on the procedure and a number of patient factors. However, we agree with Chorney and et al 31, 32 that "inadequately managed pain meets the definition of an AE and … that treating pain as an AE may improve care by raising… awareness of this issue." 32 We also understand that the practical application of our proposed classification system will be challenging as the dental profession is not accustomed to evaluating and tracking the pain experience, as is commonplace in the medical profession (e.g., postoperative pain scales, etc.). Therefore, it is critically important that as an AE classification Patients who had terms like "aspiration," "aspirated" in their notes and had received at least one treatment in the given calendar year.
Ingestion or aspiration of crown or screw during placement of restoration
Failed implant
Patients who had a failed implant diagnosis or implant removal procedure code on any tooth in the given calendar year.
Peri-implantitis, lack of implant integration . A hypothetical illustration of safety as a component of quality dental care delivery using tooth crowns. The smallest circle represents the attempt to keep the patient free from accidental injury by ensuring the patient does not aspirate the crown. This fits into the bigger circle of quality by ensuring the crown is functional. The last piece of quality is to ensure that it meets the patient's preference and aesthetic expectations.
scheme is developed in dentistry, and the triggers to classify an outcome as adverse must be objective and unambiguous. Because the importance of the pain experience cannot be overestimated when patient values, expectations, and preferences are considered, we have embarked on further exploring our pain AEs to see how we can better understand underlying system improvement opportunities.
We have not yet explored diagnostic failures, 33,34 including delayed diagnosis, missed diagnosis, and misdiagnosis as an AE, as our focus has been on physical harm due to commission. In future work, we will expand our work to include diagnostic failures.
Our severity scale was adapted from one developed by NCC-MERP to classify medication-related AEs. 23 The severity of harm in dentistry is qualitatively different from that in medicine. Although medicine is focused on cases of severe harm (such as death or requiring hospitalization), the most harm that occurs in dentistry is less life altering. Hence, we not only elected to capture harm that is either permanent (extraction of the wrong tooth) or temporary (sinus perforation) but also further divided the harm into slight or moderate/severe in an effort to better distill the most severe cases. We did not explore cases indicated as slight or minimal harm as we believe that in this first effort, focusing on more severe harm will help us ultimately undercover underlying systems that can be improved to prevent these more extreme forms of harm from happening again.
The patient safety revolution can be traced to the seminal Institute of Medicine seminal report, "To Err Is Human." It states that quality consist of the following three domains: (1) safety, defined as "freedom from accidental injury"; (2) practice consistent with current medical knowledge and best practice; and (3) responsiveness to customer-specific values, expectations and preferences. 35 We have visually presented these concepts contextualized for the dental profession in Figure 2 . All of these elements must be met to achieve quality. Assessing adherence to best practices such as percentages of patients having annual dental visits is an important marker, but not a substitute for assessing safety. There must be markers to assess patient safety so that trends can be observed, reported, and used to improve quality.
Reporting of AEs is a crucial step for any organization or profession to learn from its mistakes and move toward the establishment of a learning organization 37 or profession. Reporting of AEs, however, does not improve safety in and of itself. An AE must be much more than a report. It should lead to exploring underlying systems failures, ultimately leading to change. 15 Individuals as well as organizations will gain more from reporting AEs when their information is aggregated and compared with others so that learning can occur across settings to prevent or minimize the probability of recurrences of the same or similar AEs. 15 Classifying AEs, categorizing their severity, and eventually standardizing how AEs are captured in databases for query are key factors to the development of a learning profession. Medicine has accomplished many of these tasks. Although dentistry has only begun embracing a patient safety paradigm, it does not have to take the long road that our medical colleagues have traveled. We can learn from their triumphs and strive toward the creation of a learning profession by not only agreeing that patient safety is the first element of quality but also adopt a standardized classification of AEs and level of harm as a crucial ingredient in the development of this endeavor.
CONCLUSIONS
Patient safety is a critical component of quality, and classifying AEs and their severity is an important step toward the ability to analyze patient safety data in a meaningful way. The use of dental AE type and severity classifications facilitate the categorization of and communication about dental AEs during routine chart reviews. 
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